Abstract
INTRODUCTION
altered bowel habits and disordered defecation" [1] [2] [3] [4] [5] ; gastroesophageal reflux disease (GERD) is characterized by the symptoms of heart burn and regurgitation caused by reflux of stomach content and is experienced once daily by 7% and once monthly by 44% [6, 7] of patients. Originally, GERD and IBS were considered to be distinct issues, but common clinical features between IBS and GERD [8, 9] suggest that an overlap between these conditions might exist. Recently, a considerable overlap between GERD and IBS in both population based and clinical based studies have been reported [10] [11] [12] [13] .
In addition, some evidence suggested that GERD, like IBS, should be considered as a gastrointestinal motility disorder, which suggests that similar pathophysiological characteristics might contribute to GERD and IBS [9, 14] .
In the current study, we used a large clinic-based data-base to estimate the prevalence of overlap between GERD and IBS. We also examined the prevalence of a number of clinical symptoms of Gastro-intestinal (GI) functional motility disorders like belching, nausea and vomiting, constipation and diarrhea in patients presenting with GERD, IBS or both. We predicted that if GERD and IBS are different presentations of the same pathologic process in function and motility of GI tract, the more severe the disorder, the more prevalent the functional symptoms should be; therefore we expected a higher prevalence of dysfunctional symptoms in patients with overlapping GERD and IBS.
MATERIALS AND METHODS
All patients referred to a subspecialty practice medical group from March 1997 to March 2007 were enrolled. Five hundred and four patients were excluded because of not having follow up sessions, defined as having only one visit or lacking final diagnosis in the records, or having peptic ulcer found on endoscopy, and the remaining 6476 patients (mean age = 37.9 ± 13.4 years) were registered. Patients filled in a questionnaire about presence and severity of functional symptoms at every visit. All of the final diagnoses available in the records had been made by gastroenterologists who were participating in the gastroenterology department related to Tehran Medical University as academic staff.
GERD was defined as having clinical presentations such as heart burn, regurgitation and dysphagia. 91% of patients with clinically assumed GERD had undergone standard upper gastrointestinal endoscopy (UGIE). Patients who showed endoscopic evidence of GERD, like esophagitis, were not tested further. Those who did not show evidence of GERD were confirmed by pH monitoring. Patients with peptic ulcer found on endoscopy were excluded from the study. Subjects were diagnosed with IBS by fulfilling Rome Ⅱ or Rome Ⅲ criteria.
The records were then reviewed for the following items: (1) demographic data (including patient's record number, age and sex); (2) symptoms of GERD, IBS and other symptoms related to the dysfunction of upper and lower GI tract such as: epigastric pain, nausea, vomiting and belching, constipation and diarrhea; (3) nongastrointestinal complaints which included back pain and headache; (4) 
RESULTS
Six thousand four hundred and seventy six patients including 3185 (49.2%) men and 3291 (50.8%) women were enrolled in the study. No statistically significant difference was found in mean age of men and women. One thousand four hundred and nineteen (21.9%) of patients were diagnosed with IBS, using Rome Ⅱ or Rome Ⅲ criteria for IBS. The IBS group was made up of 539 (38.0%) male and 880 (62.0%) female, with a mean age of 37.4 ± 11.5 years. There were no differences in mean age between men and women. Two thousand six hundred and fifty eight (41%) were diagnosed with GERD, 95.8% were experiencing heart burn, 3.0% presented with regurgitation and 1.2% presented with dysphagia ( Figure 1 ). The diagnosis of GERD had been confirmed in 69.2% of GERD patients with UGIE and in 21.8% with pH monitoring. There was a slight difference in sex distribution of GERD, men making up 44.7% and women making up 55.3% of the patients; the mean age of GERD subjects was 37.9 ± 13.4 years without any considerable difference for men and women.
Among 1419 patients diagnosed with IBS, 902 (63.6%) also had GERD whereas 34.7% of non-IBS patients had GERD [odds ratio (OR) = 3.2, 95% confidence interval (CI) = 2.9-3.7, P < 0.0001]. On the other hand 33.9% of GERD subjects met Rome criteria for IBS compared to 13.5% of non-GERD sufferers (OR = 3.6, 95% CI: 3.1-4.3, P < 0.0001). 34.4% of the endoscopically diagnosed GERD patients had overlapping IBS; reciprocally 62.4% of the IBS patients had GERD diagnosed by endoscopy or pH monitoring.
69.0% of patients with both GERD and IBS were women and 31.0% were men; while women make up 50.0% of GERD only patients (P < 0.0001 vs GERD + IBS group) and 61.1% of IBS only patients (P < 0.0001 vs GERD + IBS group). The mean age of patients with GERD and IBS was 36.4 ± 10.3, statistically similar to IBS patients without GERD and GERD subjects without IBS (P > 0.5). Table 1 presents the prevalence of other gastrointestinal functional symptoms in the three mentioned groups. Remarkably, these symptoms were significantly more frequent in patients with both GERD and IBS compared to non-GERD non-IBS patients. Statistical analysis showed the following significant differences: epigastric pain (22.9% vs 9.6%, P < 0.0001), nausea (15.9% vs 4.8%, P < 0.0001), vomiting (16.0% vs 5.3%, P < 0.0001), constipation (12.2% vs 4.2%, P < 0.0001), diarrhea (18.7% vs 7.3%, P < 0.0001), headache (6.8% vs 2.4%, P < 0.0001), back pain (6.0% vs 3.7%, P = 0.03).
In comparison with men, women in the IBS group were more likely to experience epigastric pain (23.0% vs 14.1%, P < 0.0001), nausea (14.2% vs 8.7%, P = 0.003) and vomiting (15.6% vs 8.5%, P < 0.0001). 14.7% and 16.0% of women with GERD suffered nausea and vomiting, respectively, whereas 9.6% and 11.4% of male GERD patients had nausea and vomiting (P < 0.0001, P = 0.001, respectively). Women complaining of both GERD and IBS had a trend toward experiencing nausea and vomiting more than men; 17.8% of women and 11.4% of men complained of nausea (P = 0.015) and 21.2% of women and 13.6% of men suffered from vomiting (P = 0.007, Figure 2) .
We determined the differential prevalence of IBS in patients with GERD based on presenting and accompanying functional symptoms (Figure 1 ). 72.9% of patients with GERD who presented with epigastric pain also had IBS compared to 61.2% of GERD patients without epigastric pain (P < 0.0001). 73.6% of GERD patients reporting belching were also diagnosed to have IBS whereas 62.6% of GERD subjects without belching were suggested to have IBS (P = 0.015). IBS was present in 81.7% of GERD patients with a complaint of nausea while 61.0% of patients with GERD, not accompanied by nausea also suffered from IBS simultaneously (P < 0.0001). 90.9% of patients with GERD and vomiting were considered to have IBS compared to 59.4% of GERD subjects without vomiting who were assumed to have IBS (P < 0.0001). These findings suggest a considerable overlap between functional dyspepsia, GERD and IBS. Among the total upper GI symptoms assessed, 40.5% of the IBS group, 39.2% of the GERD group and 47.8% of both GERD + IBS group reported one or more functional symptoms; two or more symptoms were present in 10.9% of IBS group, 10.3% of GERD group and 15.9% of GERD + IBS; 2.7% of IBS patients, 1.7% of GERD patients and 3.9% of GERD + IBS patients complained of three or more symptoms while 0.2% of the IBS group, 0.1% of the GERD group and 0.3% of GERD + IBS group were known to have four symptoms. There was no significant difference when the association between number of overlapping symptoms and GERD and IBS was evaluated.
About 373 of IBS patients, 1323 of the GERD group and 287 of GERD + IBS group were evaluated for H. pylori infection. 70.9% of GERD patients were found to have H. pylori infection significantly more than non-GERD patients (29.1%, P < 0.0001). IBS group patients and GERD + IBS patients were not significantly affected by H. pylori infection in proportion to non-IBS and non-GERD + IBS patients (P > 0.5). This finding is interesting because it shows that in GERD + The probability of having simultaneous GERD and IBS was significantly higher in patients presenting with either of these functional symptoms; however, nausea and vomiting were more strongly related to the overlap of two diseases.
Yarandi Pair-wise comparison of frequency of nausea, vomiting, epigastric pain, belching, headache and low back pain in patients with IBS alone, GERD alone and GERD + IBS showed that the frequency of all of these functional symptoms was significantly higher in patients in GERD + IBS group. IBS: Irritable bowel syndrome; GERD: Gastroesophageal reflux disease.
IBS patients whose symptoms might have a common functional abnormality, the prevalence of Helicobacter infection is significantly lower than GERD only patients ( Figure 3 ).
DISCUSSION
IBS and its comorbidities have recently been the focus of extensive research. In spite of the fact that other surveys have indicated the increased prevalence of GERD in IBS and vice versa [8] [9] [10] [11] [12] [13] to our knowledge, no similar survey to this study has evaluated the overlap between GERD, IBS and upper gastrointestinal symptoms suggestive of functional dyspepsia in such a large sample consisting of 6476 patients.
21.9% and 41.0% of patients enrolled in the present study had been diagnosed as having IBS and GERD, respectively. The high prevalence of IBS in this survey can be explained by the fact that the place of study had been a referral gastroenterology centre.
63.6% of IBS patients had GERD, and 33.9% of GERD patients also had IBS. Kennedy et al [15] reported 46.5% of GERD patients to have IBS and 47% of IBS patients to suffer from GERD. Hungin et al [2] stated that IBS sufferers were twice as likely to suffer from GERD (22% vs 10%). Guillemot et al [16] in a large clinical based data base reported prevalence equal to 27% for IBS in patients with GERD while Fass et al [17] using a database consisting of about 6000 patients reported a very high prevalence of IBS in GERD patients (60%). Nastaskin et al [18] in a systematic review, reported the prevalence to be about 49%. Lee et al [12] reported a 24% overlap in a Korean population with a sample size of 1400, and a cohort study reported the relative risk of developing IBS in GERD patients to be 3.5 [13] . Although clinical judgment of GERD has a sensitivity of 78% and specificity of 60% [6, 19] , in order to strengthen the method of study we also assessed the overlap of IBS with GERD patients whose diagnosis was confirmed by upper gastrointestinal endoscopy. The considerable overlap still existed and 62.4% of IBS patients also had endoscopically confirmed GERD and 34.4% of endoscopically confirmed GERD patients also had IBS.
By evaluating the frequency of these conditions in relation to the demographic aspects of the affected individuals, we found out that women are more likely to experience GERD and IBS at the same time compared to men, despite the similar sex distribution in GERD only patients. Other studies have demonstrated a higher prevalence of IBS in women [2, 20, 21] , but this study shows a higher proportion of women in GERD + IBS group compared to the prevalence of women in IBS only patients; probably because the same factors which contribute to IBS are more frequent in women than men. One of these factors is sex hormones which was assumed to play a role in IBS, based on the exacerbation of IBS symptoms with the onset of menses [22] . Another possibility might be a lower pain perception threshold in women compared to men; although visceral hyperalgesia is a leading hypothesis for IBS [23] [24] [25] [26] [27] there is no available data on the differences in pain perception between men and women.
Functional dyspepsia is consistent with gastrointestinal symptoms such as nausea, vomiting, bloating, and postprandial fullness in the absence of organic dis- GERD (B), GERD + IBS (C) . In all of the groups the prevalence of nausea and vomiting was significantly higher in women than in men. Considering that nausea and vomiting were the most frequent symptoms in overlapping diseases, it is explainable by a high prevalence of overlap in women.
Yarandi ease [5, 20, 28, 29] . It is stated in a review article that 23%-87% of patients with IBS had also functional dyspepsia and 13%-87% of dyspeptic patients complained of IBS [30] . In the current study we examined epigastric pain, nausea, vomiting and belching which were shown to have a higher prevalence in patients presenting with both GERD and IBS in comparison to IBS only patients. This finding suggests a more advanced pathology in patients with both GERD and IBS. Other studies have estimated the prevalence of epigastric pain to be 20%-45%, nausea to be 24%-73% and vomiting to be 7%-27% of IBS patients [31] [32] [33] [34] [35] . No similar finding in patients suffering from both GERD and IBS has been reported. 47.8% of patients with both GERD and IBS and 40.5% of IBS patients were associated with one or more functional symptoms. Stanghellini et al [35] observed a high frequency (66%) of functional dyspepsia in IBS patients.
In the present study, we found nausea and vomiting to be the only symptoms differing between men and women. This higher prevalence in women with IBS, GERD and those with both GERD and IBS simultaneously might suggest that the higher occurrence of nausea and vomiting might be interrelated to sex hormones or some biological and psychological differences in men and women. On the other hand the mean age of IBS, GERD and GERD + IBS patients associated with either nausea or vomiting was lower than patients with other symptoms assessed in our survey.
Assessing the role of H. pylori infection in GERD and IBS patients could be a target of future research, as in the present study the prevalence of H. pylori infection in GERD patients was found to be greater than in non-GERD patients; however, we did not find any significant difference in the prevalence of H. pylori infection in patients with IBS or both IBS and GERD.
IBS is also associated with extra intestinal symptoms like frequency and urgency, sexual dysfunction, pains in muscles and joints, dyspareunia, lower back pain, and headaches [36, 37] . Whether this increase in frequency of extra intestinal symptoms reflects a systemic underlying disease with different manifestations in different organs or shows psychosomatic disorder is not clear. Here we investigated the frequency of two extra-intestinal symptoms, headache and low back pain in patients with IBS, GERD and GERD + IBS. Results showed that the frequency of these symptoms was significantly higher in patients with both GERD and IBS compared to patients with GERD or IBS alone. This finding might suggest that these diseases may have similar underlying pathophysiology, but they differ in severity. Thus, patients with a severe disorder are more likely to suffer from both IBS and GERD and also extra-intestinal symptoms. There are different hypotheses about the relationship between GERD and IBS. Some suggest that although there might be similar pathophysiology, these are two different diseases and therefore require two different treatments [32, 33] . Other groups postulate that visceral hyperalgesia in the GI tract in both GERD and IBS is the main reason for the observed overlap [38] . When patients are hypersensitive or hyperalgesic in the GI tract, there is a higher chance of reporting symptoms of both GERD and IBS, or other functional symptoms as reported by the current study. However, in our population of study, most of the patients presented endoscopic evidence of GERD, therefore hypersensitivity does not explain their GERD symptoms. Others suggest that the ineffective esophageal motility which contributes to GERD is part of a general disorder of smooth muscle movement in the GI tract which contributes to IBS as well [39, 40] . There is another hypothesis that suggests GERD might be a systemic disease and IBS like symptoms might be a systemic presentation of GERD [16] . However, in our study there were many patients whose major complaint was IBS and GERD was found during the clinical evaluation.
In conclusion, we suggest that a considerable overlap between GERD and IBS exists with a remarkable predominance in women; we also point to the association of upper gastrointestinal symptoms with IBS in patients suffering from both GERD and IBS, particularly nausea and vomiting, with a significant trend toward affecting women. Because this is a clinic based study, the limitations of this study include the possibility of overreporting of symptoms by patients and referral bias. Another limitation is that atypical GERD usually includes wheezing, chronic cough, hoarseness or sleep deprivation, however it might present as abdominal discomfort and alterations in bowel movement which may have led to overestimation of IBS prevalence in GERD patients. There is evidence in the literature that prevalence of GERD and IBS in the Iranian population is similar to those reported from western countries [41] . Further studies to clarify the reason for the increased prevalence of these complaints in women are warranted.
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Background
Gastroesophageal reflux disease (GERD) and irritable bowel syndrome (IBS) are two very common disorders affecting the gastrointestinal tract. About 10% of the population experience daily discomfort from reflux of gastric contents into the esophagus. More than 10% of the population experience abdominal pain and disturbed bowel movements because of IBS.
Research frontiers
Until recently, the dominant view in clinical practice was that GERD and IBS are two different diseases with no link. This view has been challenged by a body of increasing evidence showing that prevalence of IBS like symptoms is very high in patients with GERD and vice versa. This finding inspired research and hypotheses regarding the link between these two diseases. Whether general hyperalgesia in the gastrointestinal tract or a general dysfunction in smooth muscle is responsible for this overlap is not clear.
Innovations and breakthroughs
In the current study, the authors used a large data base from a specialty clinic to investigate the prevalence of overlap between GERD and IBS. They also studied the prevalence of other functional symptoms not related to GERD and IBS in patients in addition to some symptoms outside of the gastrointestinal tract such as headache. They also investigated the correlation between Helicobacter pylori (H. pylori) infection and severity of symptoms. They found out that in addition to significant overlap between GERD and IBS, prevalence of other functional symptoms is much higher in patients with both conditions.
